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1.0 INTRODUCTION 

Project Rulison, the second Plowshare experiment cospcmsored by 
industry and g o v e r m n t ,  was designed t o  determine the potential  
of using nuclear stimulation for the development of the gas-bear- 
ing Mesaverde formation i n  the Rulison Field i n  Garfield County, 
Colorado. 

The industr ia l  sponsor fo r  the project was the Austral O i l  Company, 
Inc., Houston, Texas; wlth the  CER Geonuclear Corporation, La8 
Vegas, Nevada, serving as Program Manager. The Atomic Energy 
Commission and the D e p a r t ~ n t  of the In t e r io r  acted jointly on 
behalf of the government. 

Under the technical direction of the Los Alaws Sc ien t i f ic  Labora- 
tory, a 43-kt ( f iss ion)  explosive w a s  detonated on Sep tede r  10, 
1969, a t  a depth of 2560 meters (8426 fee t )  i n  the Piceance 
Creek Basin. Reentry d r i l l i n g  operations designed to achieve an 
effect ive communication with the c h h e y  and fracture  system 
created by the nuclear explosive were begun in  April 1970. From 
the postshot d r i l l i n g  experience i t  was estimated tha t  the rubble- 
f i l l ed  chimey approximated 82 meters (270 f ee t )  i n  height and 21 
meters (70 fee t )  i n  radius. 

Production tes t ing  extended over a seven-month period and included 
four intermittent flow periods, between October 1970, and April 
1971,  producing 455 rmlllion standard cubic f e e t  (WBCF) of gas. A 
bibliography of technical information concerning a l l  phases of Pro- 
ject  Rulison is presented i n  Appendix A; and par t icular  reference 
is made t o  the publication en t i t l ed  "Project Rulison W a g e r ' s  Re- 
port," dated April 1973 (MIO-71). 

The purpose of t h i s  report is t o  provide de t a i l s  regarding the 
cleanup operations as well as to present a br ie f  description of 
the present standby s ta tus  of the site. Currently, there are no 
plans for the decomdssioning and f i n a l  cleanup of the Rulison 
s i t e ,  inasmuch as possible sa l e  of the gas t o  res ident ia l ,  com- 
mercial, and indus t r ia l  users is now being considered by the 
sponsor. 

Cleanup work a t  the s i t e  c m n c e d  on July 10, 1972, and was com- 
pleted July 25, 1972. The purpose was t o  remove from the s i t e  a l l  
equipment and materials not needed for  possible future gas produc- 
tion. This w a s  accomplished, and the radiological condition of the 
site was documented. (See Sections 2.0 and 3.0.) 

It i s  expected tha t  the AEC w i l l  continue with a long-term 
hydrological surveillance program; and also w i l l  continue t o  
conduct annual s i t e  inspections. (See Section 5.0.) 

It i s  currently planned t o  have a concrete monument placed i n  the 
vic in i ty  of the Rulison emplacement w e l l .  The following wording 
i s  proposed for the plaque t o  be  affixed to the monument: 



PROJECT RULISOM SITE 

No excavation, d r i l l i n g ,  and/or removal of subsurface 
ma te r i a l s  t o  a depth of 12,450 f e e t  i s  p e m i t t e d w i t h i n  
Lot 11, NE 114 SW 1/4,  of Sec t ion  25, Township 7 South, 
Range 95 West, 6 t h  P r i n c i p a l  Meridian, Gar f i e ld  County, 
Colorado, without  U.S. Government permission. 

U.S. Atomic Energy Commission & 
t h e  Department of t h e  I n t e r i o r  

1.1 AEC CLASSIFICATION AND SECURITY INTERESTS 

Basic c l a s s i f i c a t i o n  guidance f o r  P ro jec t  Rulison-related aCEivi- 
ties i s  contained i n  t h e  C l a s s i f i c a t i o n  Guide f o r  t h e  Peaceful  
Appl ica t ion  of Nuclear Explosives (CGPNB-2, dated March 19731, 
as supplemented by t h e  P ro jec t  Rulison C l a s s i f i c a t i o n  Guide (dated 
Apr i l  11, 1969). 

The only c l a s s i f i e d  i n t e r e s t  remaining a t  t h e  Rulison S i t e  is t h e  
nonvo la t i l e  r ad ioac t ive  d e b r i s  i n  t h e  chimey.  This  deb r i s  is c l a s -  
s i f i e d  Sec re t ,  Res t r i c t ed  Data, u n t i l  analyzed. It is protec ted  by 
approximately 8000 f e e t  of overburden. 

Pe r iod ic  s i t e  i n spec t ion  and s u r v e i l l a n c e  v i s i t s  a r e  conducted 
by Secur i ty  personnel.  

1.2 C-T SITE CONDITIONS 

The following is a sumnary d e s c r i p t i o n  of those  Austral-owned 
f a c i l i t i e s  remaining o n s i t e  a s  of September 1, 1973: (There is 
no A3C-owned personal  property remaining on t h e  s i t e . )  

1. R-E, t h e  Rulison emplacement we l l ,  is equipped with high- 
p re s su re  wellhead equipment and pressure  gaging ins t ru -  
ments. The wellhead is p ro tec t ed  by a metal shed and i s  
enclosed by a 6 foo t  combination barbed wire and cyclone 
f ence  with one locked gate.  (Austral  has  posted "No 
Trespassing" s i g n s  on t h i s  fencing.) 

2. R-EX, t h e  Rulison explora tory  well ,  which a l s o  served as 
t h e  postdetonat ion product ion t e s t  we l l  and its at tend-  
a n t  cu tof f  va lves  ( ca l l ed  a Christmas t r e e )  a r e  enclosed 
wi th  a 5 foo t  barbed wire fence. The r een t ry  wellhead 
equipment is configured f o r  f u r t h e r  gas production; how- 
ever ,  t h e  c a p a b i l i t y  f o r  gas f l a r i n g  i s  no  longer  a v a i l -  
able.  

The p r o t e c t i v e  fencing enclos ing  t h e  R-EX wellhead e n c i r c l e s  
s e v e r a l  a c r e s  of land u t i l i z e d  during t h e  pos tde tonat ion  gas 
production and t e s t i n g  program; and a l s o  has one locked ga te .  
(See Figures l a  and l b . )  Those contaminated i t e m s  remaining 
o n s i t e  are: t h r e e  210-barrel l i q u i d  (water) holding tanks;  
and a 3-phase sepa ra to r  which is connected t o  t h e  R-EX w e l l -  
head by a p ipe l ine .  



NOTE: WELLHEAD EQUIPMENT, SEPARATOR, D R I P  PANS, EFFLUENT TANKS AND TWO METAL 
BUILDINGS REMAIN OH 5 tTE AS OF AUGUST 1973 .  

Figure l a .  RLltlSON S l T E  AT COMPLETION OF S l T E  CLEAN-UP. 





(Aust ra l  a l s o  has posted t h i s  perimeter  fencing w i t h  "No 
Trespassing" s i g n s .  I n  add i t ion ,  "Radiation Warning" s i g n s  
have been a f f ixed  t o  those  contaminated equipment i tems 
t h a t  remain o n s i t e  and which may be  u t i l i z e d  f o r  poss ib l e  
f u t u r e  gas production.) 

A t o o l  and instrument  shed is i n  p lace  on t h e  s i te--near  
t h e  R-EX wellhead--together wi th  some p ip ing  and d r i p  pans 
which were u t i l i z e d  i n  t h e  reent ry  d r i l l i n g  opera t ion .  

3 .  Telephone and e l e c t r i c  power l i n e s  remain in p lace .  

A l a r g e  p i t  which was used f o r  containment of su rp lus  d r i l l i n g  
f l u i d s  during t h e  emplacement ho le  d r i l l i n g  opera t ions  is sepa- 
r a t e l y  fenced wi th  6-foot hog wire  fencing topped with t h r e e  
s t r ands  of  barbed wirer  enc los ing  an a r e a  of approximately two 
ac res .  The p i t  , which i s  l o c a t e d  about one-half. mi le  downslope 
t o  t h e  northwest,  is equipped with a spi l lway on t h e  dcwnalope 
s i d e ,  6 f e e t  below t h e  c r e s t ,  and now conta ins  f r e sh  water from 
s u r f  ace runoff . 
This p i t  is not  under AEC con t ro l ;  i t  is loca ted  i n  Lot  5 of 
Sec t ion  25. The present  owner o f  t h e  proper ty ,  Lee Hayward--son 
of Claude V .  Hayward, is r e t a i n i n g  t h e  p i t  f o r  h i s  own use (by 
a s e p a r a t e  agreement d i r e c t l y  with Aus t r a l ) .  

A t  some f u t u r e  d a t e ,  Aus t ra l '  may u i s h  t o  conduct add i t iona l  down- 
ho le  measurements o f  temperature and p res su re .  These measurements 
w u l d  b e  conducted without  AEC su rve i l l ance  s i n c e  experience has 
shown t h a t  such opera t ions  can b e  c a r r i e d  o u t  w i th  no hazard. 

2.0 SITE C L W  OPERATION 

The s i t e  cleanup a c t i v i t i e s ,  funded e n t i r e l y  by Aus t r a l ,  took p lace  
between J u l y  10, 1972, and J u l y  25, 1972 .. The purpose of t h e  opera- 
t i o n  w a s  t o  remove a l l  equipment and m a t e r i a l  not  needed f o r  poss i -  
b l e  f u t u r e  u s e  and t o  ensure s i t e  complrance with t h e  r ad io log ica l  
s a f e t y  guides as  s e t  f o r t h  i n  Appendix B.  The only  i so tope  of i n -  
t e r e s  t w a s  tritium; no o the r  rad io iso topes ,  except  those  n a t u r a l l y  
occurr ing ,  were de tec ted .  Radioact ively contaminated ma te r i a l s  and 
equipment--if n o t  needed f o r  poss ib l e  f u t u r e  gas production-*ere 
packaged and removed f o r  b u r i a l  at t h e  Nuclear Engineering Company 
(NECO) waste f a c i l i t y  a t  Beat ty ,  Nevada. 

Eber l ine  Instrument  Corporation (EIC) was assigned under Contract  ' 
AT(26-1)-294 t o  fu rn i sh  r a d i o l o g i c a l  support  f o r  t h e  cleanup of  t h e  
P r o j e c t  Rulison s i t e .  Three E I C  employees p lus  one man from t h e  NV 
Fad io log ica l  Operations Divis ion  p a r t i c i p a t e d .  Aus t r a l  O i l  Company 
provided one supervisor  p lus  a five-man l abor  crew. 

An AEC mobile r a d i a t i o n  measurement trailer w a s  t ranspor ted  t o  the 
site. This  t r a i l e r  contained a l i q u i d  s c i n t i l l a t i o n  s y s t a ,  a gamma 



spectrometry system, and a gross alpha-beta counting system. It 
served fur ther  as an of f ice  and as  a central  point of operations. 

A sample preparation area was improvised i n  the  Rulison reentry 
wellhead shack. 

The following types of portable survey instruments were used: 

Eberline E-400 with HP-177 probe--a lm-range 
beta-gamma detection instrument. 

Eberline PRM-4 with HP-210 probe--a pulse r a t e  2 
meter with a probe window of l e s s .  than 7 q / c m  . 
Eberline PRM-5 with SPA-2 probe--a pulse ra te  
ueter with a 1" x 2" crys ta l  detector.  

A supply of supplementary equipment and material such as  glassware, 
tools ,  p l a s t i c  containers, and anticontamination clothing w a s  fur- 
nished by EIC.  

2.2 PERSOMNEL, MOMITORING 

A l l  personnel par t ic ipa t ing  i n  the  cleanup wore thermoluminescent 
dosimeters (TLDis)  throughout the operation. Fourteen TLD'a were 
i ~ s u e d ,  and these w e r e  read a t  EIC's f a c i l i t i e s  i n  Santa Fe, Neu 
Merico, subsequent t o  the cleanup. No exposure was recorded. A l l  
d o s h t r y  records were submitted fo r  storage i n  the  AEC dosimetry 
system a t  the Nevada Test S i t e .  

Paper anticontamination coveralls were worn by personnel while 
t ransferr ing contaminated l iqu id  among the storage tanks and 
from the tanks t o  a NECO tanker truck. 

Baseline urine samples were collected prior t o  i n i t i a t i o n  of work. 
Samples were collected again upon completion of the cleanup. These 
samples were analyzed fo r  tritium d m  t o  10 ~ C i / r n l  by l iqu id  scin- 
t i l l a t i o n  analysis--none contained detectable tritium. 

Part ic ipants  received no reasurable radiation exposure due to per- 
formance of cleanup work a t  the s i t e .  

2.3 DECOEITAhlHATION AND DISPOSAL OF EQUIPMENT AND MATERIAL 

Holding areas were established t o  segregate "clean" from contami- 
nated items of equipment and material. A release log was ut i l i zed  
t o  describe each item and t o  record its radiological  condition. 
Each item was surveyed with a PRPI-4 (HP-210 probe) and swipe tes ted 
to check for  removable contamination. A l l  items released for  un- 
res t r ic ted  use had a survey reading of background and a 100 cm 2 

swipe count of l e s s  than 1000 disintegrations per minute (dpm). 



The s t r u c t u r e s  and f a c i l i t i e s  remaining o n s i t e  a f t e r  completion 
of product ion t e s t i n g  a r e  noted i n  Sectfon 1.2. The genera l  ap- 
proach w a s  t o  f i r s t  survey and swipe t h e  equipment and ma te r i a l  
t h a t  had not  been i n  con tac t  w i th  contaminated l i q u i d s  o r  gases,  
fo r  example, the Western Slope gas l i n e  and t h e  c l ean  water  
supply l i n e .  After  v e r i f y i n g  t h a t  t hese  were not  contandnated, 
they were w e d  t o  t h e  c l ean  hold ing  a r e a .  

The next  s t e p  w a s  t o  disassemble p ipe l ines  and equipment known 
t o  have been i n  contac t  w i th  contaminates.  Care was taken t o  
d r a i n  and conta in  a l l  l i q u i d s  obtained from t h i s  disassembly 
opera t ion .  Items t h a t  could not be economically decon tadna ted  
because of f ixed  lime o r  r u s t  s c a l e  were surveyed and swiped 
fo r  documentation and were moved t o  t h e  holding a rea  f o r  con- 
taminated m t e r i a l .  Small p ipes  and s o l i d  waste uere  placed 
i n s i d e  l a rge  pipes.  The ends of p ipes  serv ing  as  conta iners  
were closed wi th  welded p l a t e s .  Outside su r faces  were surveyed 
and swiped t o  v e r i f y  t h a t  t hese  s u r f a c e s  were n o t  contaminated. 

The o l d  pipe rack d r i p  pan was used as a d e c o n t d n a t f o n  pad. 
Decontamination was accomplished wi th  sa tu ra t ed  steam and 
S t e a m a l l ,  a TURCO product. The i n s i d e  a reas  of p ipes  were 
reached with a long steam lance .  Item t h a t  could be economi- 
c a l l y  decontaminated ue re  moved i n t o  t h e  pipe rack d r i p  pan, 
decontaminated, and then moved i n t o  t h e  wellhead d r i p  pan f o r  
survey and s w i p e  checking. When decontaminafion uas s a t i s f a c -  
tory (background survey and l e s s  than 1000 dpm/100 cm2 remov- 
a b l e  contamination),  they were moved t o  t h e  c l ean  holding 
area .  Steam condensate generated by t h e  decontamination pro- 
cedure w a s  co l l ec t ed  and held i n  55-gallon s t e e l  drums. 

On Ju ly  20, 1972, l i q u i d s  he ld  i n  t h e  t h r e e  water  s to rage  tanks 
and t h e  two hydrocarbon s to rage  tanks  were pumped i n t o  a NgCO 
t anker  t ruck .  The water  tanks were pumped wi th  a vacuum-type 
pump u n t i l  only two t o  t h r e e  inches  of s ludge remained i n  t h e  
bottom of each. Thf s s ludge  was s o l i d i f i e d  wi th  f i v e  bags of 
Bentonite per tank. The hydrocarbon tanks  were drained com- 
p l e t e l y  dry. The ou t s ide  su r faces  of t h e  tanks  were not  contami- 
nated.  They were c losed  and plugged, posted wi th  appropr ia te  
s igns ,  and l e f t  i n  p l ace  fo r  poss ib l e  f u t u r e  use. * The tanker  
t ruck  shipment cumulated t o  3000 ga l lons  of f l u i d  conta in ing  a 
t o t a l  of 0.69 C i  of t r i t i u m .  

Dn J u l y  22, 1972, 32 packages of s o l i d  contaminated waste and 
s i x  55-gallon drums of l i q u i d  were loaded on a NECO f l a t b e d  

*On August 9 ,  1973, t hese  two 500-gallon hydrocarbon condensate 
hold ing  tanks  uere  removed frorb t h e  s i te  f o r  use during the pro- 
duct ion  t e s t i n g  a t  P r o j e c t  Rio Blanco. 

7 



t ruck .  Each drum w a s  contained i n  a NECO-furnished, k p a r t m e n t  
of Transportation-approved , con ta ine r  k n m  as a "Paper Tiger .  " 
The ou t s ide  su r faces  of a l l  conta iners  were not  contaminated. 
This shipment contained an es t imated  73 m C i  of tritium. 

Items of equipment and m a t e r i a l s  found t o  b e  c l ean ,  as w e l l  as 
those  t h a t  had been decontaminated, were removed t o  t h e  Aust ra l  
s to rage  yard at R i f l e ,  Colorado. Items i n  t h i s  category included 
t h e  f l a r e  s t ack  and t h e  s e c t i o n s  of 2-inch and 6-inch pipe be- 
tween t h e  no r th  ga te  and t h e  s e p a r a t o r .  

Ce r t a in  items such as  t h e  wellhead Christmas t r e e ,  t h e  t h r e e  wa te r  
tanks and two hydrocarbon tanks,  s e p a r a t o r ,  and the wellhead-to- 
s epa ra to r  gas l i n e  were l e f t  o n s i t e  f o r  poss ib l e  f u t u r e  use. These 
items are, or  are presumed t o  be ,  contaminated i n t e r n a l l y .  I n  addi- 
t i o n ,  t h e  wire  l i n e  r i g  and t h e  dead weight pressure  measuring sys-  
tem, a l s o  contaminated, were l e f t  on t h e  site. 

Uncontaminated t r a s h  w a s  bur ied  i n  an on-s i te  t r a s h  p i t .  The d r i p  
pans, emplacement we l l  shack, and reent ry  wellhead shack, a l l  un- 
contaminated, were l e f t  i n  p lace  f o r  poss ib l e  f u r t h e r  use. Other 
miscellaneous shacks were t o m  down and removed pursuant t o  r e l e a s e  
procedures. 

The AEC t r a i l e r s  were packed f o r  r e tu rn  t o  EIC's f a c i l i t y  a t  
Albuquerque, New Kexico, and a l l  equipment and personnel  departed 
t h e  s i t e  on July 2 5 ,  1972. 

3.0 RADIOLOGICAL SURVEY RESULTS 

Concurrent with f a c i l i t y  and equipment decontaminaticm and removal, 
s o i l ,  vegeta t ion ,  wa te r ,  and air samples were co l l ec t ed  and analyzed 
t o  determine t h e  d i s t r i b u t i o n  and concentrat ion of r e s i d u a l  c o n t a d -  
na t ion .  Concentrations of t r i t i u m  i n  s o i l  moisture ranged from n o t  
d e t e c t a b l e  t o  47,000 pCi/ml. Concentrations of t r i t i u m  per  weight of 
s o i l  ranged from n o t  d e t e c t a b l e  t o  20,000 pCilg. 

A t o t a l  of 11 vege ta t ion  samples w a s  co l l ec t ed .  An a l i q u o t  of  mois- 
t u r e  from each sample was analyzed fo r  unbound t r i t i um.  Concentra- 
t i o n s  ranged from 4.5 t o  170 pCi/ml (H20) and from 2.8 t o  150 pCi/g 
(wet sample). P a r t  of each sample w a s  d r i e d  and then oxidized t o  
o b t a i n  an a l i q u o t  conta in ing  t r i t i u m  bound i n  t h e  sample. Concentra- 
t i o n s  of t h i s  bound t r i t i u m  ranged from l e s s  than 8.3 t o  190 pCf/ml 
(water from oxidat ion)  and from l e s s  than 0 .8  t o  5.3 pCi/g (wet 
sample). 

No t r i t i u m  was de tec t ed  i n  samples of site s p r i n g  water  and s i t e  
air mofs ture .  

The term "not de tec table"  as used h e r e i n  means l e s s  than t h r e e  
s tandard dev ia t ions  of background, o r  1 pCi/ml of t h e  sample. 



3.1 SOIL SAMPLING 

The s o i l  sampling program was t h e  c r i t i c a l  pa th  in t h e  site clean-  
up plan.  Therefore, i t  was s t a r t e d  as e a r l y  as  poss ib l e  and was 
given s p e c i a l  emphasis throughout t h e  cleanup period.  

A square  g r i d  of s o i l  sampling po in t s  w a s  l a i d  o u t  on magnetic 
ca rd ina l  headings us ing  t h e  s i t e  en t rance  g a t e  pos t  as t h e  
zero  and primary reference  p o i n t .  Ten- and twenty-foot squares 
were used depending on t h e  area use h i s t o r y  and on t h e  proba- 
b i l f  ty of s o i l  contamination. Fur ther ,  squares  were some times 
d i s t o r t e d  t o  sample p o i n t s  of s p e c i a l  i n t e r e s t  such as s to rage  
tanks, p i p e l i n e  runs ,  t h e  s e p a r a t o r ,  and d r i p  pan areas  o r  t o  
avoid obs t ruc t ions  such as cement pads. m i l e  t h e  f l a r e  s t ack  
w a s  loca ted  on t h e  square g r i d  system, t h e  area around i t  w a s  
sampled on a r a d i a l  g r i d  referenced t o  t h e  s t ack .  This  r a d i a l  
g r i d  w a s  used because contaminated f a l l o u t  o r ig ina ted  from t h e  
s t ack  a s  a c e n t e r  and because a r a d i a l  sampling g r i d  was used 
previously dur ing  p o s t f l a r e  ope ra t ions ,  making a comparison 
more meaningful, A t o t a l  of 192 sampling p o i n t s  was l oca ted .  
(See Figures 2 and 3 . )  Host of t h e s e  po in t s  were sampled at 1- 
and 12-inch depths .  Fourteen p o i n t s  were sampled a t  1- 12-, 24-, 
and 48-inch depths.  Two po in t s  were sampled at m u l t i p l e  depths 
t o  96 and 132 inches ,  r e s p e c t i v e l y .  A few were sampled a t  s e l e c t e d  
depths f o r  var ious  reasons .  A t o t a l  of  426 s o i l  samples w a s  col-  
l e c t e d  f o r  t r i t i u m  a n a l y s i s .  

The depth increment f o r  s o i l  samples taken was 1 inch;  i .e., 
t h e  1-inch sample was from t h e  s u r f a c e  t o  1 inch,  t h e  12- 
inch  sample was from 11 t o  12 inches ,  e t c .  S o i l  samples were 
co l l ec t ed  i n  s tandard  16-ounce c o t t a g e  cheese conta iners  t h a t  
he ld  24 t o  27 cubic inches of sample. Therefore,  with a depth 
increment of 1 inch, t h e  sampled s o i l  a r ea  f o r  each sample w a s  
from 4.9, t o  5.2 inches square.  A t  undisturbed and uncompacted 
sampling l o c a t i o n s ,  an e a r t h  auger  w a s  used t o  bore  holes  up t o  
4 f e e t  deep. For sampling at g r e a t e r  depths,  and at d i s tu rbed  
and compacted l o c a t i o n s ,  a powered backhoe was used t o  d i g  re -  
quired ho le s .  A f t e r  t h e s e  ho le s  were cleaned o u t ,  t h e  samples 
were taken from t h e i r  s i d e  w a l l s  a t  measured depths. Access t o  
sampling p o i n t s  under waste  water  s t o r a g e  tanks was a t t a i n e d  
by d r i l l i n g  ho r i zon ta l ly  under each tank from a t rench a t  i t s  
perimeter .  Access t o  sampling p o i n t s  under d r i p  pans was 
a t t a i n e d  by c u t t i n g  through t h e  pan o r  by rav ing  i t  t o  one s i d e .  

Each sample w a s  weighed wet ,  as  co l l ec t ed ,  and was then d r i ed  
i n  an e l e c t r i c  oven f o r  15 hours  a t  180 degrees cent igrade.  
Af ter  drying,  t h e  sample was aga in  weighed. Wet and dry weights 
were recorded f o r  each sample and t h e  percentages of moisture 
were ca l cu la t ed .  Where poss ib l e ,  a 5-mi a l i q u o t  of s o i l  moisture 
was d i s t i l l e d  from each sample. The a l i q u o t s  were analyzed by 
l i q u i d  s c i n t i l l a t i o n  f o r  t r i t i u m  concent ra t ion  i n  pCi/ml. From 
t h i s ,  t h e  concent ra t ion  i n  pCi/g was ca l cu la t ed .  Resul t s  of 
t hese  analyses a r e  s h a m  i n  Table 1, Appendix C .  
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Upon completion of the  l a s t  production t e s t  on April 23, 1971, 
s o i l  on arcs around the f l a r e  stack was sampled and analyzed 
for  tritium. The r e su l t s  of t h i s  sampling program are provided 
in Table 2, Appendix C, and sample locations a r e  s h m  on Fig- 
ures 4 and 5 .  These data are included i n  t h i s  report  t o  permit 
comparison vhere the same locations were sampled during s i t e  
cleanup. 

Eight randomly located s o i l  samples were collected for  pulse 
height analysis by gamma spectrometry. No radioisotopes other 
than those natural ly  occurring were detected. 

3.2 VEGETATION SAWLING 

A vegetation sample w a s  taken a t  each cardinal point on s 500- 
foot and a 1000-foot arc around the f l a r e  stack.  Additional 
vegetation samples were collected a t  s i t e  grid point H-14, W-2, 
and stack grid points 030°, 5'  and 120°, 40'. These samples 
were collected because of a leak from a water storage tank, the 
close proximity t o  the  f l a r e  s tack ,  and the area of highest con- 
centration indicated by the postf lare  sampling, respectively. 

Vegetation samples were analyzed a t  E I C 1 s  f a c i l i t i e s  i n  Albuquerque 
a f t e r  the  cleanup operation. Each sample w a s  weighed w e t  and dry. 
An aliquot of moisture was d i s t i l l e d  from the sample. An al iquot  
of dry sample was oxidized and condensed t o  obtain the bound trit- 
ium.  The resu l t s  of these analyses a r e  s h m  i n  Table 3, Appendix 
C. 

3.3 AIR S W I N G  

Filtered a i r  samples w e r e  taken f o r  three days, a dry i c e  freeze 
trap was  run f o r  two days, and samples were collected daily f r w  
both. The sampling point was on the dri l lback pad approximately 
95 fee t  from the wellhead on a bearing of 005 degrees. I n  addition, 
a freeze-out sample was collected from the  steam used i n  decontaud- 
nation. No radioact ivi ty  was detected i n  the f i l t e r e d  air samples 
and no tritium was detected i n  the .  freeze-out a i r  m o i s t u r e  samples. 

3.4 WATER SAMPLING 

Prior  t o  completion of t he  cleanup, water samples were taken from 
each of two loca l  springs a t  the  site. One was located just  off 
of the  southeast comer of the dr i l lback pad, the other was on the 
upper s ide  of the  road about 300 yards d m h i l l  from the pad. Both 
samples were analyzed b y  l iqu id  s c i n t i l l a t i o n .  No tritium was de- 
tected. 

3.5 SLUDGE SAMPLING 

A sample of the  sludge l e f t  i n  the  bottom of the  three water 
holding tanks was taken before the sol idifying agent (Bentonite) 







was added. This  sample was analyzed f o r  tritium by EIC i n  
Albuquerque a f t e r  t h e  cleanup. Because t h e  sample was i n  hydro- 
carbon form, it was oxidized and its condensed water vapor was 
analyzed by l i q u i d  s c i n t i l l a t i o n .  The tritium concent ra t ion  was 
15,000 pCi/g of sludge. To ta l  volume l e f t  o n s i t e  i n  t h e  tanks 
w a s  not  more than 441 ga l lons .  Assuming a d e n s i t y  of 1.2, t h e  
t o t a l  amount of tritium i n  s o l i d i f i e d  s ludge t h a t  remains s to red  
a t  t h e  s i te  is n o t  more than 0.03 C i .  

4.0 LAND USE APlD CONTROL 

Aus t r a l  O i l  Company's l e a s e  holdings i n  t h e  Rulison f ield--a  p a r t  
of t h e  Piceance Basin i n  west-central  Colorado--comprise approxi- 
mately 60,000 a c r e s  of land (see Figure 6 ) .  The boundary o f  t h i s  
approved federal uni t  l f e n  south  of t h e  Colorado River and extends 
from an e l eva t ion  of  about 5200 f e e t ,  near  t h e  r i v e r ,  up t h e  s lopes  
of Battlement Mesa t o  an e leva t ion  of over 10,000 f e e t .  

The p r o j e c t  s i t e  i s  located i n  t h e  southern p a r t  of t h e  u n i t ,  i n  
Garf ie ld  County, about s i x  miles southeas t  of  t h e  tam of Grand 
Valley. The p r o j e c t  s i t e  is on t h e  upper reaches of Battlement 
Creek on t h e  no r th  s lope  of Battlement Mesa. The e l eva t ion  of t h e  
emplacement w e l l  (R-E) i s  8154 f e e t  above s e a  l e v e l ;  and t h e  v a l l e y  
i s  open t o  t h e  north-northwest and is bound on t h e  o the r  t h r e e  s i d e s  
by s t e e p  s lopes  r i s i n g  above 9600 f e e t .  The region  i~ covered wi th  
g ras s ,  Engleman spruce ,  f i r ,  cedar ,  and aspen t r e e s  on t h e  upland; 
and by sagebrush and range g ras s  i n  t h e  love r  e leva t ions .  

The loca t ion  f o r  t h e  Ruliaon experiment i s  Lot 11 NE 1/4 SW 1 /4  
i n  Sec t ion  25, Township 7 South, Range 95 West, 6 th  P r i n c i p a l  
Meridian, Garf ie ld  County, Colorado. T&e sur face  ground zero (SGZ) 
a rea  is served by a 16-foot wide graveled road t h a t  connects with 
t h e  county-maintained road system. 

The populat ion of  t h e  immediate Rulison a rea  i s  confined p r i n c i p a l l y  
t o  t h e  v a l l e y s  of  t h e  Colorado River ,  P l a t eau  Creek--a t r i b u t a r y  t o  
t h e  Colorado River ,  and adjacent  mesa lands. About 220 persons l i v e  
between 3.5 and 5 miles  from SGZ and about 1500 add i t iona l  persons 
l i v e  between 5 and 10 miles from t h e  SGZ. No permanent h a b i t a t l o n  
e x i s t s  c l o s e r  than 3.5 mi les  t o  t h e  SGZ. 

The economic base of t h e  nearby a r e a  is provided by t h e  r a i s i n g  of 
l i v e s t o c k  and t h e  c u l t i v a t i o n  of orchards and l i v e s t o c k  feeds. 

4.1 SURFACE RIGHTS 

By m a n s  of an agreement (deed) executed by Claude V. Hayward on 
February 23, 1969, M r .  Hayward, t h e  owner, granted t o  t h e  govern- 
ment t h e  s o l e  and exclus ive  r i g h t  t o  r e g u l a t e  and con t ro l  access  





t o  and use of the surface of Lot I3 NE 114 SW 114 of Section 
25, Tamship 7 South, Range 95 West, 6th Principal Meridian, 
Garfield County, Colorado. (This amounts to 40 acres of land 
area.) 

This agreement continues i n  e f f ec t  for  a period of f ive years. 
with the AEC having the option to renew the government's r ights 
for successive five-year periods by notifying M r .  Hayward i n  
writing not legs than 90 days pr ior  t o  the end of each five- 
year period ( i . e . ,  November 22, 1973) and paying a sum of $350 
for each successive renewal. 

The AEC has the prerogative t o  releaae to Mr. Bayward ( a t  any 
time) the surface r ights  of the above-described land (or any 
part  thereof) which the AEC deems as no longer needed for 
security,  public heal th ,  and safety reasons. 

4.2 SUBSURFACE RZQITS 

Under the terms and conditions of the Rulison contract, KC(26-1)- 
429, Austral O i l  Company, Inc.  , granted to the government its 
subsurface operating r ights  . . . from the surface of the earth 
to a depth of 500 f e e t  below the base of the Mesaverde forraation 
as t o  Lot 11 NE 114 SW 1 1 4  of Section 25, Township 7 South, 
Range 95 West, 6th Principal Meridian, Garfield County, Colorado. 

Should the Rulison contract be terminated, then some subs t i tu te  
arrangement nust  be entered in to  with Austral so long as Austral 
re ta ins  its subsurface o i l  and gas r ights  and a need to control 
access t o  the underground area is required by the government for  
security,  public health,  and/or s a fe ty  reasons. 

Rowever, should Austral t ransfer  its subsurface o i l  and gas rights.  
then a subsequent agreement would have to be reached with the new 
owner of such subsurface r ights ;  o r  the government would have to 
consider exercising i t s  r i gh t  of condemnation. 

4.3 REAL ESTATE POTENTIAL 

The Rulison s i t e  is not hazardous to wildl i fe  and is not res t r ic ted  
from normal ranch usage--except for the three small fenced areas 
described i n  Section 1 . 2 .  No plans fo r  other use of the land sur- 
face have been ident i f ied to NV. 

With regard to the recovery of underground mineral resources, t h e  
s i t e  appears to have l i t t le  economic or commercial importance 
other than the potent ia l  development of the natural  gas resources 
by Austral. 

f n  view of the above, and inasmuch as no populatton centers would 
appear to be affected,  no plans have been made by NV fo r  the l i m -  
i t ed  release of the s i t e  pr ior  t o  1989 a t  the e a r l i e s t ;  i .e. ,  a 
minimum of 20 years following the Rulison detonation. 



5.0 PRB- AND f OSTSHGT HYDROLOGIC INVESTIGATIONS 

5.0.1 Teledyne Iso topes  (TI), Pa lo  Al to  Labora tor ies  made preshot  
i nves t iga t ions  of t h e  hydrologic environment a t  t h e  P ro jec t  
Rulison s i t e .  TI ,  us ing  f i e l d  da ta  accumulated by t h e  U.S. 
Geological Survey, predic ted  t h e  ex ten t  of groundwater con- 
taminat ion f o r  t h e  R u l i s m  event. The Rulison explosive was 
emplaced near  t h e  base of t h e  Mesaverde Formation a t  a depth 
of 8426 f ee t .  This  depth of  b u r i a l  was considerably g r e a t e r  
than t h a t  required f o r  explosion containment under normal 
t e s t i n g  purposes. E s s e n t i a l l y  a l l  of  t h e  explosion-produced 
radionucl ides  were contained wi th in  t h e  Mesaverde formation. 
Groundwater i n  t h i s  forrnation was est imated t o  move at a 
maxirmnn r a t e  of  one foo t  per  day, t h e  rmst probable r a t e  
being c l o s e r  t o  zero. Assuming t h e  one f o o t  per  day r a t e  of 
flow, T I  predic ted  t h a t  t r i t i u m ,  t h e  rad ionucl ide  of  p r f m r y  
i n t e r e s t ,  would uave l e s s  than one mi le  before decaying (along 
with d i spe r s ion )  t o  a concent ra t ion  less than t h e  e s t ab l i shed  
Radiat ion Concentrat ion Guide f o r  dr inking  water. 

5.0.2 The U.S. Geological Survey conducted a preshot  inventory of 
w e l l s  and sp r ings  i n  t h e  Rulison a rea  between March 20, 1969, 
and May 25, 1969. The purpose of t h e  inventory w a s  t o  docu- 
ment t h e  cond i t ion  of we l l s  and sp r ings  and t o  c o l l e c t  water 
samples f o r  chemical and radiochemical a a l y s i s .  A l l  kncwn 
wel l s  w i th in  a 10-kilometer r ad ius  of  t h e  Rulison emplacement 
hole  were inventoried.  Se lec ted  we l l s  and sp r ings  were inven- 
to r i ed  wi th in  a 10- t o  20-mile radius.  A t o t a l  of 29 samples 
were s e l e c t e d  f o r  background radiochemical ana lys i s ,  Subse- 
quently,  a sampling network of 21 s t a t i o n s  was e s t ab l i shed  t o  
provide t h e  b a s i s  of  eva lua t ing  postshot  changes i n  radio- 
nuc l ide  concent ra t ions .  

The prees tabl i shed  hydrologic network of 21 s t a t i o n s  i n i t i a t e d  
f o r  radiochemical a n a l y s i s  w a s  sampled 10 days a f t e r  t h e  
Rulison event.  Analysis  confirmed t h a t  t h e  event w a s  no t  
r e spons ib le  f o r  any inc reases  i n  r a d i o a c t i v i t y  i n  su r face  o r  
groundwater suppl ies .  

5.1 LONGTERM RADIOLOGICAL SURVEILLANCE 

5.1.1 Hydrology 

The Hydrologic Program Advisory Group (HPAG) reviewed t h e  
hydrologic monitoring program proposed f o r  t h e  Rulison site 
at t h e i r  December 12, 1971, meeting. They found t h e  program 
adequate and recornended i t s  immediate i n i t i a t i o n .  EPAINERC, 
Las Vegas, w a s  s e l e c t e d  t o  conduct t h e  monitoring program. 

The sampling po in t s ,  as shown i n  Pigure 7, a r e  l i s t e d  below: 





a. Battlement Creek a t  t h e  nea res t  down gradient  a c c e s s i b l e  
l o c a t i o n  i n  T7S, R95W, Sec. 15  SE 114 KE 1/4. 

b. Two p r i v a t e  w e l l s  i n  al luvium on Morrisania Mesa. 

Locations : 

(1) T7S, R95W, Sec. 10 NE 114 SE 114 NW 114 

(2) T7S, R95W, Sec. 3 SW 1/4  SE 114 SE 1/4 

c. Water supply s p r i n g s  fo r  Grand Valley loca ted  a t :  

T7S, R95W, Sec. 5 .  SE 114 SW 114 SE 1/4  

d .  Two s p r i n g s  and two w e l l s  l oca ted  c lose  t o  su r face  ground 
zero  : 

(1) Well: T7S, R95W, Sec. 20 NE 114 W 1/4 W 114 

(2) Well: T7S, R95W, Sec. 6 SE 1 /4  SE 1 /4  SE 114 

(3) Spring:  T7S, R94W, Sec. 4 SW 1 /4  SE 114 NW 114 

(4) Spring: T 6 S ,  R94W, Sec. 31 tW 1 1 4  NW 114 NW 114 

e.  The Aus t r a l  w e l l  l oca ted  i n  T7S, R95W, Sec. 14 SW 114 
SW 114. 

F l e x i b i l i t y  u i l l  remain i n  t h e  program i n  the s e l e c t i o n  f o r  
m i t o r i n g  of p r i v a t e  domestic water  sources .  Such s e l e c t i o n  
i s  t o  b e  based upon proximity t o  t h e  t e s t  a r e a  and on t h e  
p o t e n t i a l  f o r  f u t u r e  claims of damage. 

Sample Analysis.  Unless o therwise  s p e c i f i e d ,  all samples w i l l  
be analyzed f o r  t r i t i u m  us ing  a technique wi th  a lower l e v e l  
of 150 t r i t i u m  uni t s .*  A l l  samples w i l l  be analyzed f o r  gross  
a lpha  and gross  b e t a  r a d i o a c t i v i t y  and w i l l  b e  given a gamma 
s p e c t r a l  scan. Gross chemistry ana lyses ,  comparable t o  t h e  
USGS chemical water q u a l i t y  analyses,  a r e  t o  be performed on 
all samples co l l ec t ed  on t h e  i n i t i a l  sample run. Based on t h e  
r e s u l t s  of t h e s e  ana lyses ,  suspec t  samples u i l l  b e  analyzed 
f o r  appropr ia te  n a t u r a l l y  occurr ing  and man-made i so topes .  
S p l i t s  of each sample co l l ec t ed  w i l l  b e  r e t a ined  f o r  t h i s  
purpose u n t i l  i t  i s  demonstrated t h a t  t h e  need t o  r e t a i n  them 
does n o t  exist. 

Frequency. Each water  source'  i s  t o  b e  sampled once per  yea r ,  
p re fe rab ly  i n  t h e  e a r l y  sp r ing ,  weather permit t ing.  

*One t r i t i u m  u n i t  equals  3.3 pCi/E 



Reports. The first of the annual reports which i s  t o  be 
prepared w i l l  contain but not be limited to the follcuing: 

a. A description of the basic  hydrologic systea. 

b .  Pertinent h i s t o r i c  data including prediction of ground- 
vater  contamination and event effects  . 

c. Description of s q l i n g  network. 

d. Results. 

e. Explanation of resu l t s .  

f .  Evaluation of t h e  program. 

g. Suggested mdif ica t ions  for program improvements. 

Subsequent annual reports need only address iterm m d e r  c 
through g unless data are obtained which changes the basic 
hydrologic concepts. 

Duration. The m i t o r i n g  program i s  t o  continue u n t i l ,  baaed 
on the resu l t s ,  a decision i s  made t o  terninate  mnitor ing 
for any or  a l l  of the vater  sources. 

No need for mni tor ing  the bioenvironment of t h i s  s i t e  has 
been demonstrated. Therefore, u n t i l  such time as the  monitor- 
ing of surface o r  grounduater indicates a reason fo r  collect- 
ing and analyzing samples of the plant andlor an- species 
of the area, no collection w i l l  be made. 

5.1.3 Land Surf ace and Soi 1s 

No need for  radiation monitoring instrument surveys or anal- 
ys i s  of s o i l  samples has been demonstrated. Therefore, u n t i l  
such t i m e  as the  monitoring of surface o r  groundwater indi- 
cates a reason for these types of surveillance, none w i l l  be 
made. 

5 .2  LONG-TERM SEISMOLOGICAL SURVEILLANCE 

No need for seismological monitoring of t h i s  s i t e  for event-induced 
mdif ica t ions  i n  the regional or l oca l  seismicity pattern has been 
ident i f ied . 
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SCIENTIFIC AND TECHNICAL INFORMATION 

I .  Listed below-in Open P i l e  Designator sequence-are a l l  of those  
pub l i ca t ions  concerning P ro jec t  Rulison t h a t  have been placed i n  
t h e  Plowshare Open F i l e s  by t h e  Nevada Operat ions Off ice .  In addi- 
t i o n  t o  being r ead i ly  a v a i l a b l e  f o r  purchase through t h e  National 
Technical Information Se rv ice ,  t hese  publ ica t ions  a r e  a v a i l a b l e  
for  publ ic  inspec t ion  i n  f u l l - s f z e  copy a t  t h e  fo l loving  th ree  
l o c a t i o n s  : 

U.S. Bureau of Mnes  
E a r t l e s v i l l e  Petroleum 

Research Center 
VLrginia and Cudahy S t r e e t s  
E a r t l e s v i l l e ,  OK 74003 

U.S.  Bureau of Mines 
Off ice  of Hinera l  Resource 

Evaluation Library,  Bldg.  20 
Denver Federal Center 
Denver, CO 80225 

U. S . Atomic Energy Commission 
Nevada Operations Off i c e  
2753 South Highland Drive 
Las Vegas, NV 89102 

PNE-R-1 P ro jec t  Rulison: A Government-Industry Natural  Gas 
Production St imula t ion  Experiment Using a Nuclear 
Explosive. May 1, 1969 (NV) . 

PNE-R-2 Geology and Hydrology of t h e  P ro jec t  Rulison Exploratory 
Hole, Garf ield County, Colorado. Apr i l  4 ,  1969 (USGS) 
(USGS-474-16) . 

PNB-R-3 Pre-Event Bioenvironmental Sa fe ty  Survey and Bvaluation: 
P ro jec t  Rulison. Ju ly  28, 1969 ( B M I ) .  

PNE-R-4 E f f e c t s  Evaluat ion f o r  P ro jec t  Rulison. June 1969 (NV) 
(NVO-43 F ina l ) .  

PNE-R-5 P red ic t ions  of Seismic Motion and Close-In Effec ts :  
Rulison Event. August 1969 (ERC) (NVO-1163-180). 

PNE-R-6 Records of Se lec ted  Wells and Springs i n  t h e  Rulison 
P ro jec t  Area, Gar f i e ld  and Mesa Counties,  Colorado. 
August 1969 (USGS) (USGS-474-40). 

PNE-R-7 Pro jec t  Rulison--Site Evaluat ion Pre-Shot R-Ex Well 
Test Data. October 20, 1969 (Austral O i l  Co., Inc.) 
(CER) . 

PNE-R-8 Emplacement and Cementing of  Hole 25-95A (Emplacement 
Hole) Hayward Well i n  Gar f i e ld  County, Colorado. 1969 
(Austral  O i l  Co., Inc.)  . 



PNE-R-22 

PNE-R-23 

PNE- R-24 

Rad ioac t iv i t y  i n  the  Hydrologic Environment: P r o j e c t  
Rulison F i n a l  Pre-Shot Report. August 13, 1969 ( I so topes ,  
mc. ) (NVO-1229-108 F i n a l ) .  

P r o j e c t  Rulison: Planning D i r e c t i v e .  May 1969 (NV) . 
P r o j e c t  Rulison: D e f i n i t i o n  Plan.  March 26, 1969 (CER). 

P ro j ec t  Rulison F e a s i b i l i t y  Study. Ju ly  1966 (Austral  
O i l  Co. , Inc.)  (CER) . 
P r o j e c t  Rulison: Post-Shot Plans and Evaluat ions.  
December 1969 (NV) (NVO-61). 

Off-Sfte  Radio logica l  Safe ty  and Resident  Evacuation 
Program f o r  P r o j e c t  Rulison (Detonation Phase).  January 
1970 (USPHS) (SWRHL-94r). 

Chemical and Radiochemical Analyses of Water from 
Streams, Reservoi rs ,  Wells, and Springs i n  t h e  Rulison 
P ro j ec t  Area, Gar f i e ld  and Mesa Counties ,  Colorado. 
January 1970 (USGS) (USGS-474-67) . 
Observed Seismic Data: Rulison Event. November 14,  1969 
(ERC) (NVO-1163-197). 

S t r u c t u r a l  E f f ec t s  of t h e  Rulfson Event. December 1969 
(JAB) (JAB-99-76). 

Seismic Motions from P r o j e c t  Rul ison.  January 1970 (ERC) 
(COWF-700101-10) . 
P r o j e c t  Rulison: A Pre l iminary  Report. 1970 (Austral 
O i l  Co., Inc.)  (CER). 

Economics of Nuclear Gas S t imula t ion .  1970 (Aus t ra l  O i l  
Co. , Inc .) (CER) (CONE-700101-8). 

The E f f e c t s  of t h e  Rulison Event on  Buildings and Other 
Sur face  S t r u c t u r e s .  January 14, 1970 (JAB)  
(CONF-700101-9). 

Rad ioac t iv i t y  i n  Water--Project Rulison. February 1970 
( I so topes ,  Inc.  ) (NVO-1229-131). 

Rulison Seismic E f f e c t s .  February 16, 1970 (C&GS) 
(CGS-746-2). 

Geohydrology--Project Rulison, Ga r f i e ld  County, Colorado, 
wi th  a Sec t ion  on Aquifer Response. March 1970 (USGS) 
(USGS-474-68). 



Post-Event Bioenvironmental Sa fe ty  Aspects: P ro jec t  
Rulison, January 6, 19 70 (BMI) (BMI-171-201). 

Weather P red ic t ions  and Surface Radiat ion Est imates f o r  
t h e  Rulison Event: F ina l  Report. January 1970 (EIC) 
(ARLV-351-4). 

Analysis of Ground Motions and Close-In Physical  E f fec t s ,  
Rulison Event. Apr i l  1970 (ERC) (NVO-1163-206). 

Dynamic and S t a t i c  Response of t h e  Government O i l  Shale 
Mine a t  R i f l e ,  Colorado, t o  t h e  Rulison Event. 
February 2, 1970 (USBM) (USBM-1001) . 
Rulison Court Decision Concerned w i t h  Postshot F lar ing  
Program. March 19, 1970 ( D i s t r i c t  Court U.S.). 

Harvey Gap Dam Safe ty  Study. May 1969 (Woodward-Clyde & 
Associa tes )  (JAB-99-63). 

P ro jec t  Rulison : CER Geonuclear Corporat ion 's  Par t  i c ipa -  
t i o n  i n  t h e  Sa fe ty  Program. Ju ly  28, 1970 (Austral  O i l  
Co., Znc.). 

Seismic Act iv i ty  i n  September 1969 Near t h e  Rulison 
Nuclear Test  S i t e .  June 15 ,  1970 (C&GS) (CGS-746-5) 

Assessment of P o t e n t i a l  Bio logica l  Hazards from Projec t  
Rulison. December 18, 1969 (UCRL) (UCRL-50791). 

Publ ic  Heal th Evaluat ion P ro jec t  Rulison (Production 
Tes t ing) .  May 1970 (USPHS) (SWRHL-96r). 

On-Site Radfologf c a l  Sa fe ty  Report f o r  t h e  Period 
A p r i l  21, 1969 t o  December 31, 1969. (EIC) (NVO-294-4). 

Some Seismic Resul t s  of t h e  U.S. Gasbuggy and Rulison 
Underground nuclear  Explosions. 19 70 (United Kingdom 
Atomic Energy Authori ty)  (PNE-G-66) (AWRE-046/70). 

Sandstone Continui ty i n  t h e  Mesa Verde Formation, 
Rulison Fie ld  Area, N.W. Colorado. 1970 (AZME) . 
Descr ip t ion  and Spec i f i ca t ions  of t h e  Rulison Christmas 
Tree I n s t a l l e d  on t h e  R-EX Well. Ju ly  1970 (Austral  O i l  
Co., Inc . ) .  

Mine and Well E f f e c t s  Evaluat ion f o r  P ro jec t  Rulison. 
  arch 19 70 (USBM) (USBM-1002) . 



Methods t o  Predict  Ground Motions from Future Underground 
Nuclear Detonations i n  the Piceance Creek Basin, Colorado. 
January 1970 (ERC) (NVO-1163-TM-18). 

f roject  Rulison Yield Escalation Report. (CER) ( I n  
Preparation). 

Radiochemical Analyses of Water from Selected Streams, 
Wells, Springs, and Precipi ta t ion Collected Prior t o  
Reentry Dri l l ing,  Project  Rulison. 1971 (USGS) 
(USGS-474-83) 

Project  Rulison: Preshot Investigations and Structural  
Hazard Evaluations. August 1961 (JAB) (JAB-99-61). 

Gas Analysts Results fo r  Project  Rullson Calibration 
Flaring Samples. January 7, 1971 (LRL) (UCRL-50986). 

Project  Bdison-Postshot Invest igat ions-Smary of Reentry 
Operations. January 1971 (Austral O i l  Co., Inc.).  

St ructural  Response Studies for Project  Rulison. 
February 1971 (JAB) (JAB-99-78). 

Motion of Ri f le  Gap Dam, R i f le ,  Colorado: Project  
Rulison Underground Nuclear Detonation. January 1970 
(U .S . Army Engineers--Waterways Experiment Station) 
(Miscellaneous Paper S-70-1). 

Radiochemical Analyses of Water from Selected Streams, 
Wells, Springs, and Precipi ta t ion Collected During 
Reentry Dri l l ing,  Project  Rulison. 1971 (USGS) 
(USGS-474-101). 

Radiochemical Analyses of Water Samples from Selected 
Streams and Precipi ta t ion Collected i n  Connection with 
Calibration Test Flaring of Gas from Test Well, 
August 15-October 13, 1970, Project  Rulison. 1971 
(USGS) (USGS-474-107). 

Radiochemical Analyses of Water Samples from Selected 
Streams and Precipi ta t ion Collected October 23- 
November 9 ,  1970, i n  Conjunction with the F i r s t  Pro- 
duction Test Flaring of Gas from Test Well, Project  
Rulison . 1971 (USGS) (USGS-474-108) . 
Rulison Ground Motions Recorded a t  the TOSCO Mine and 
Tower Stations.  July  30, 1971 (ERC). 

Project  Rulison Postshot Well Test Data. nd (Austral O i l  
Co . ,  Inc . ) .  



PNE-R-53 Environmental Aspects of  Natural  Gas Stimulat ion 
Experiments wi th  Nuclear Devices. August 27, 1971 (LRL) 
(UCRL-73429). 

PE1B-R-54 S t a t i s t i c a l  Cor re l a t ion  of  Observed Ground Motion with 
Low-Rise Building Damage : Projec t  Rulison . September 
1971 (JAB) (JAB-99-87]. 

PNE-R-55 P ro jec t  Rulison-Summary of Resul ts  and Analysis.  October 
1971 (Austral  O i l  Co., I n c . ) .  

PNE-R-56 Radiochemical Analyses of Water from Selected S t r e a m  
and Prec ip f t a t ion  Collected Imwdia te ly  Before and Af ter  
t h e  Second Product ion Tes t  Flar ing-Project  Rulison. 1971 
(USGS) (IISGS-474-122). 

PHE-R-57 P ro jec t  Rulison--Final Operat ional  Radioac t iv i ty  Report 
Production Tests .  February 1972 (NV) (NVO-112). 

PNE-R-58 Gas Analysis  Resul ts  f o r  P ro jec t  Rulison Production 
Tes t ing  Samples. November 29, 1971 (LtL) (UCRL-51153). 

PNE-R-59 P ro jec t  RulisonSumnary Report, Post-Shot A c t i v i t i e s  
and Programs. Apr i l  1972 (Austral  O i l  Co., Inc . ) ,  

PNE-R-60 Pro jec t  Rulison Fina l  Report--Phase I1 . Decermber 28, 
1972 (CER). 

PNE-R-61 Off-SiteRadfologicalSafetyProgramfor Projec t  Rulison 
Re-entry Por t ion  of Phase III. Nweuber 1972 (NERC) 
(NERC-LV-539-14). 

PNE-R-62 S t a t i s t i c a l  Corre la t ion  of Observed Ground Motion with 
Low-Rise Building Component Damage: Pro jec t  Rulison. 
January 1973 (JAB) (JAB-99-93). 

PNE-R-63 P ro jec t  Rulison Manager's Report. Apr i l  1973 (NV) 
(1WO-71). 

Raw monitoring measurements and o t h e r  production t e s t i n g  information 
f o r  P ro jec t  Rulison a r e  a l s o  a v a i l a b l e  f o r  i n spec t ion  a t  t h e  open 
f i l e  l o c a t i o n s  l i s t e d  above. Included i n  these  s p e c i a l  co l l ec t ions  
a r e  t h e  fol lowing:  

A. Production T e s t  Data 

1. Flowing sur f  ace  pressures  and temperatures.  
2. Flowing downhole temperatures and pressures .  
3. Downhole shut- in pressures  and temperatures.  
4. Surface shut- in pressures .  
5. G a s  flow r a t e .  
6. Gas produced. 



7.  Condensate produced. 
8. Water produced. 
9. Gas grav i ty .  

10. Gas sample ana lyses  for chemical composition and r a d i o a c t i v i t y  
concent ra t ions .  

B .  On-Site Rad-Safety Data 

1. Tri t ium and krypton concent ra t ions  i n  gas flowing out  f l a r e  
s tack .  

2. P a r t i c u l a t e  samples from the gas stream. 
3. Gross gama  r a d i o a c t i v i t y  i n  the flow l i n e .  
4. Radioac t iv i ty  i n  water  and condensate from t h e  gas stream. 
5. A i r  samples for a lpha ,  be t a ,  and gross  g a m a  r a d i a t i o n .  
6. Thirty-day exposure of on - s i t e  personnel t o  b e t a  and gamma 

r a d i a t i o n .  
7. Radioac t iv i ty  i n  vege ta t ion  and s o i l  samples. 

C. Off-Si te  Rad-Safety Data 

1. Radioac t iv i ty  measurements of a i r .  
2. Radioac t iv i ty  i n  atmospheric m i s t u r e .  
3, Radfoact ivi ty i n  Battlement Creek water .  
4. Radioac t iv i ty  i n  milk, u r ine ,  vege ta t ion ,  and s o i l .  

D. Miscellaneous Data 

1. &teoro log ica l  records.  
2. Chemical ana lyses  of c a v i t y  gas.  

III. Summary wel l  logs  f o r  P ro jec t  Rulison can  be purchased from e i t h e r  
of t h e  following two organiza t ions :  

Birdwell ,  a Division 
of Seismograph 
Serv ice  Corporation 

6200 Eas t  4 1  S t r e e t  
Tulsa,  OK 74102 

Rocky Mountain Well Log 
Serv ice  Company 

1753 Champa S t r e e t  
Denver, CO 80202 
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APPENDIX 3 
BADIOLOGICAL SAFETY GUIDES 

lQR MPERIMENTS INVOLVING 
NUCLEAR EXPLOSIVE STIMULATION OF NATURAL GAS WELLS* 

The following gu ide l ines  apply t o  gas s t i m u l a t i o n  experiments, spec i f  i- 
c a l l y ,  P r o j e c t s  Ilio Blanco and Wagon !hee l .  The s i t e  d i s p o s a l  guide l ines  
a l s o  apply t o  P r o j e c t s  Gasbuggy l i s o n .  I t  is r e c m n d e d  t h a t  
de s ign  and ope ra t iona l  a c t i v i t i e s  -5- b e  con ucted w i t h i n  these guide l ines  
i n  such a manner as t o  reduce t h e  r e l e a s e  of r ad ioac t ive  e f f l u e n t s  and 
r a d i a t i o n  exposures t o  personnel ,  on- and o f f s i t e ,  t o  t h e  l o u e s t  prac- 
t i c a b l e  l e v e l s .  Fur ther ,  with r e spec t  t o  planned opera t ions  and any 
assoc ia t ed  con t ro l l ed  r e l e a s e s ,  exposures t o  members of t h e  pub l i c  
should not  exceed 10 percent  of t h e  l i m i t s  s p e c i f i e d  i n  AEC Appendix 
0524. For s i t u a t i o n s  involv ing  inadve r t en t  o r  acc iden ta l  releames, 
var ious  f a c t o r s  inc luding  s i t e  s e l e c t i o n ,  device design and emplacement, 
and o v e r a l l  design of  t h e  experimental  program should be c a r e f u l l y  re- 
viewed t o  ensure t h a t  dur ing  t h e  l i f e t i m e  of t h e  p r o j e c t ,  t he re  w i l l  b e  
rm s i g n i f i c a n t  uncont ro l led  r e l e a s e  of r a d i o a c t i v i t y  of f  t h e  con t ro l l ed  
area .  

For t h e  purposes of de f in ing  t h e  s i t e - c o n t r o l l e d  a r e a ,  t h e  a rea  s h a l l  
b e  of such a s i z e  and shape t h a t ,  i n  t h e  un l ike ly  event  t he re  i s  s ig -  
n i f i c a n t  uncontrol led r e l e a s e  of  r a d i o a c t i v i t y ,  an ind iv idua l  loca ted  
at any po in t  beyond t h e  boundary f o r  two hours  irmnedfately following 
t h e  onse t  of t h i s  pos tu la ted  r e l e a s e  would not  r ece ive  an est imated 
t o t a l  r a d i a t i o n  dose t o  t h e  whole body i n  excess  of 25 rerns o r  an e s t i -  
mated t o t a l  r a d i a t i o n  dose i n  excess  of 300 rems t o  t h e  thyro id  from 
iod ine  exposure. 

I .  GENERAL RADIOLOGICAL CRITERIA 

The following r a d i o l o g i c a l  s a f e t y  c r i t e r i a  s h a l l  apply during t h e  
e n t i r e  ope ra t ion  per iod  of t hese  p r o j e c t s :  

A. For ind iv idua l s  w i th in  t h e  c o n t r o l l e d  a rea ,  t h e  r a d i a t i o n  pro- 
t e c t i o n  s tandards  set f o r t h  i n  AEC Appendix 0524, paragraphs 
I . A .  and TV., s h a l l  apply. 

B.  For ind iv idua l s  and populat ion groups i n  uncontrol led a reas ,  
10 percent  of t h e  r a d i a t i o n  p r o t e c t i o n  s tandards  s e t  f o r t h  i n  
AEC Appendix 0524, paragraph II.A., s h a l l  apply. It  is noted 
t h a t  t h e  p o t e n t i a l  f o r  r a d i a t i o n  exposure t o  indiv iduals  i n  
t h e  uncont ro l led  a rea  from planned opera t ions  e x i s t s  only 
dur ing  t h e  time of product ion t e s t i n g  ( f l a r i n g )  a c t i v i t i e s .  

C. I n  t h e  un l ike ly  event  t h a t  an inadve r t en t  r e l e a s e  of r a d i o a c t i v i t y  
t o  t h e  uncont ro l led  a r e a  occurs ,  every e f f o r t  shall b e  made t o  

*Provided NV by DAT/PNE t r a n s m i t t a l  l e t t e r ,  t h i s  s u b j e c t ,  dated 
Apr i l  17, 1972. 



reduce p o t e n t i a l  r a d i a t i o n  exposure t o  ind iv idua l s  o f f s i t e  t o  
t h e  lowest p r a c t i c a b l e  l e v e l .  Exposure c o n t r o l  guide l ines  s h a l l  
be consonant w i th  t h e  p r i n c i p l e s  and Levels of  p ro fec t ive  ac t ion  
guidance provided i n  Federal Radiat ion Council Reports 5 and 7.  

D. A l l  personal  proper ty ,  i .e. , bu i ld ings ,  equipment, and materials, 
t o  be removed from t h e  site f o r  uncontrol led use s h a l l  meet t h e  
c r f t e r i a  spec i f i ed  i n  Table 1. A l l  personal  property, t r a n s f e r r e d  
from t h i s  s i t e  t o  another  l o c a t i o n  vbere r ad io log ica l  con t ro l s  
a r e  i n  e f f e c t ,  s h a l l  have t h e  e x t e r n a l  su r faces  of such property 
meet t h e  c r i t e r i a  s p e c i f i e d  i n  Table 1, and be packaged for 
t r a n s p o r t  i n  compliance with AECM 0529. 

II. STANDBY CONDITION 

The fo l lov ing  a d d i t i o n a l  r a d i o l o g i c a l  s a f e t y  c r i t e r i a  s h a l l  apply 
when t h e  opera t ions  a r e  t o  be temporari ly i n t e r r u p t e d  and t h e  s i t e  
placed in a s tandby cond i t ion ,  t h a t  is, the s i t e  is t o  be l e f t  
unattended except f o r  pe r iod ic  s u r v e i l l a n c e ,  da t a  c o l l e c t i o n ,  and 
equipment maintenance a c t i v i t i e s .  Methods of d i sposa l  of any con- 
taminated personal  proper ty ,  s o i l ,  o r  l i q u i d s ,  t o  meet t h i s  standby 
c r i t e r i a ,  s h a l l  be approved by AEC Headquarters.  The site s h a l l  be 
fenced t o  preclude inadve r t en t  access  t o  any remaining equipment, 
m a t e r i a l s ,  and contaminated land a reas .  Radiat ion warning s i g n s  
a r e  not  requi red  i f  t h e  fol lowing c r i t e r i a  a r e  met: 

A. Beta-gamma r a d i a t i o n  l e v e l s  i n  s o i l  s h a l l  no t  exceed f mr/hr 
above background ( inc luding  vorldwfde f a l l o u t ) ,  at 1 centimeter  
above t h e  su r face .  

8 .  T r i t i u m  concent ra t ions  f n  s o i l  s h a l l  not exceed 3 x uCi/g 
of s o i l  above background ( inc luding  worldwide f a l l o u t ) .  

C. Although no a lpha  contamination i s  expected during opera t ions ,  
should such con tamha t ion  occur ,  a l l  personal  property remaining 
a t  the s i t e  s h a l l  b e  decontaminated as  near  as p r a c t i c a b l e  t o  
the c r i t e r i a  s p e c i f i e d  i n  Table 1. For s o i l ,  the top l a y e r  
s h a l l  no t  exceed 10,000 dpmllOO cm2 gross alpha above background 
( inc luding  worldwide f a l l o u t ) .  

D. Contaminated l i q u i d s  remaining a t  t h e  s i t e  s h a l l  no t  exceed 
the s tandards  provided i n  AEC Appendix 0524, paragraph 11. 

111. SITE DISPOSAL 

Decontamination and cleanup,  p r i o r  t o  r e l e a s e  of con t ro l  and respon- 
s i b i l i t y  f o r  t h e  s i t e  by t h e  AEC, s h a l l  be e f f ec t ed  a f t e r  considera- 
t i o n  of t h e  following f a c t o r s :  (1) e x t e r n a l  r a d i a t i o n  l e v e l s ;  (2) 
migrat ion of rad ionucl ides  t o  man through resuspension i n  air, 
movement i n  water,  o r  passage through food cha ins ;  (3) u n r e s t r i c t e d  
property use ,  immediate and p o t e n t i a l ;  (4) decay and o the r  removal 



processes tending t o  reduce p o t e n t i a l  exposure t o  man; and (5) 
t h e  f e a s i b i l i t y ,  c o s t ,  and r e l a t i v e  e f f ec t iveness  of f u r t h e r  decon- 
tamination a c t i v i t i e s .  The cleanup s h a l l  be continued u n t i l  p o t e n t i a l  
f u t u r e  exposures t o  man a r e  not  l i k e l y  t o  exceed a f e u  percent of t h e  
l i m i t s  spec f f i ed  i n  AEC Appendix 0524, paragraph 1I.A. 

Numerical guidance provided he re in  should not be exceeded without  
c a r e f u l  cons ide ra t ion  of the reasons f o r  doing so .  Dif ferent  values 
than those  provided h e r e  may be approved by AEC Headquarters,  on a 
case-by-case b a s i s .  

For purposes of  planning f o r  d i s p o s a l  of a site f o r  uncontrol led 
use, the following r ad io log ica l  s a f e t y  guidance is provided: 

A. Surface Waters 

Contaminated s u r f a c e  waters  i n  excess of 0.1 times t h e  concen- 
t r a t i o n  values l i s t e d  i n  AEC Appendix 0524, Annex A ,  Table 2 ,  
Colum 2, s h a l l  be disposed of  by methods approved by AEC 
Headquarters. 

B . Bui ld ings ,  Equipment, and Mater ia l s  

Residual  r ad ioac t ive  contamination remaining a f t e r  cleanup 
opera t ions  s h a l l  no t  exceed t h e  l e v e l s  s p e c i f i e d  i n  Table 1. 

C. S o i l  

Residual  contaminated s o i l  t o  a depth of about four  f e e t  s h a l l  
b e  decontaminated or t r e a t e d  t o  t h e  ex ten t  p r a c t i c a b l e  and any 
r a d i o a c t i v e  waste  p i t s  exceeding four  f e e t  i n  depth s h a l l  be 
decontaminated t o  t h e  f u l l  depth of t h e  waste  i n  accord with 
t h e  following c r i t e r i a :  

1. S o i l  conta in ing  r e s i d u a l  t r i t i u m  concent ra t ions  exceeding 
3 x pCi/g of s o i l  s h a l l  b e  excavated f o r  d i s p o s i t i o n  
by means approved by AEC Headquarters.  

2 .  S o f l  conta in ing  r e s idua l  By r a d i a t i o n  l e v e l s  exceeding 0.2 
mradlhr above background ( inc luding  worldwide f a l l o u t )  
measured at 1 crn s h a l l  be excavated fo r  d i s p o s i t i o n  by 
means approved by AEC Headquarters.  Af ter  su r face  r e s to ra -  
t i o n ,  t h e  f i n a l  average r a d i a t i o n  l e v e l s  s h a l l  no t  exceed 
0.05 mrad/hr By above background ( inc luding  worldwide 
f a l l o u t )  measured a t  1 cm. 

3. S o i l  g rad ien t s  s h a l l  be examined by s u i t a b l e  sampling and 
r e s i d u a l  contamination s h a l l  be removed and disposed of by 
methods approved by AEC Headquarters when these  l e v e l s  ex- 
ceed pCi/g f o r  By decay modes (except t r i t i u m )  above 
background ( inc luding  worldwide f a l l o u t ) .  It is not a n t i c i -  
pated t h a t  r a d i o a c t i v i t y  with an a decay mode w i l l  be en- 
countered. I f  such should b e  t h e  case ,  c r i t e r i a  w i l l  b e  
provided by AEC Headquarters.  



D. A f i n a l  s i t e  survey s h a l l  be  performed prior t o  release of the 
s i t e  and copies of a report of the cleanup ef for t  and survey 
r e su l t s  s h a l l  be transmitted t o  AEC Headquarters/AGMBS, AT, 
BM, W, and OS. The report on the s i t e  cleanup operation sha l l  
include a description of the physical and l e g a l  measures taken 
t o  prevent deep d r i l l i n g ,  mining, o r  other res t r ic t ions  on u s e  
of the s i t e .  Agreements o r  arrangements for subsequent rmnitoring 
should also be described. The cer t i f ica t ion  requirement, asso- 
ciated with th i s  report ,  i w n e d  in  IAn- - dat - - 
f o r  -. a l i  r ea l  property and -. -. re=-*- - . - - A - . -. . . . . . - 

p e r t y  prior to any dlZp5~'sal-6f-&FSSKing action. - --->- - . .- 

E. Effective s i t e  cleanup should eliminate the need for perfodic 
t e r r e s t r i a l  and bioenvironmntal surveys and only annual sur- 
face and groundwater samples should be required for a period 

- of about f ive years or u n t i l  there is reasonable assurance 
that  no transport problems ex is t .  Reports of the annual surveys 
s h a l l  be sent t o  AEC HeadquarterslAGHES, AT, BM, WE, and 0s. 



TABLE 1 

Surface  Contamination ~ e v e l s ' /  

U-nat, U-235, U-238, 1000 dprn o r  450 10,000 dpm or 
Th-nat , Th-232, and pCi a lpha  on any 4500 pCi a lpha  
a s soc ia t ed  decay 100 cm2 on any 100 cm2 
products 

Other i so topes  vhich  100 dpm o r  45 pCi 1000 dpls o r  450 
decay by a lpha  emis- a 1  h a  on any 100 ! pCi a 1  ha on any 
s i o n  o r  by spontan- cm 100 cm ! 
e m s  f i s s i o n  

Beta-gaxma e m i t t e r s  1000 dpm o r  450 0.4 m a d / h ~ '  
( i so topes  with decay pCi beta-gamma a t  1 cm from 
modes o t h e r  than a lpha  on any 100 cm2 t h e  su r face  
emission o r  spontaneous 
f i s s i o n )  

I /  A s  used in t h i s  t a b l e ,  dpm ( d i s i n t e g r a t i o n s  per  minute) o r  pCi - 
(picocurie)  means t h e  rate of decay by r ad ioac t ive  material as 
determined by co r rec t ing  t h e  counts p e r  minute observed by an 
appropr ia te  d e t e c t o r  and count  r a t e  meter, f o r  background, ef- 
f i c i ency ,  and geometric f a c t o r s  a s soc ia t ed  wi th  the ins t runenta-  
t i o n  and survey procedures. 

2 /  Where su r face  contamination by both a lpha  and beta-gamma emi t t ing  - 
i so topes  exists, t h e  limits es t ab l i shed  fo r  a lpha  and beta-garma 
emi t t ing  i so topes  s h a l l  apply independently. 

3 /  The amrunt of  r-able r a d i o a c t i v e  ma te r i a l  on any 100 m2 of - 
su r face  a r e a  may b e  determined by wiping t h a t  a r e a  with dry f i l t e r  
o r  s o f t  absorbent paper and with t h e  a p p l i c a t i o n  of moderate pres- 
aure ,  and a s ses s ing  t h e  amount of  r a d i o a c t i v e  ma te r i a l  on t h e  wipe 
with an appropr i a t e  instrument of  known background, e f f ic iency .  
and geometry. I n  determining r e m v a b l e  contamination on ob jec t s  
of su r face  a rea  l e s s  than 100 cm2, t h e  p e r t i n e n t  l e v e l s  s h a l l  b e  
reduced propor t ionate ly  and t h e  e n t i r e  su r face  s h a l l  b e  wiped. 
A l t e rna te ly ,  i t  may be assumed t h a t  a l l  of t h e  r ad ioac t ive  ma te r i a l  
remaining on a su r face  may be removable, and t h a t  amount of radio-  
a c t i v e  ma te r i a l  may be determined by d i r e c t  measurement with survey 
instrumentat ion of s u f f i c i e n t  s e n s i t i v i t y  t o  d e t e c t  l e v e l s  equiva- 
l e n t  t o  these  l i m i t s .  

4/  Al te rna t ive ly ,  f o r  t o t a l  contamination, one may e l e c t  t o  use an - 
average l e v e l  one ha l f  of t h a t  l i s t e d  i n  t h i s  column, provided 
t h a t  : 

(a) The average s h a l l  be taken over t h e  t o t a l  area o r  10 square 
meters ,  whichever is the l e s s e r ;  and 



(b) A t  no loca t ion  s h a l l  the maximum exceed 2 .5  times t h e  l e v e l  
l i s t e d  i n  t h i s  column. 

5/ It i s  assumed t h a t  measurements of  t o t a l  contamination are made wi th  - 
instruments  having a s e n s i t i v e  c ross-sec t ional  a rea  of  100 cm2. 
Heasurements made wfth instruments  having more or l e s s  than 100 
cm2 of s e n s i t i v e  a r e a  may be  r e l a t e d  t o  l e v e l s  propor t ionate ly  
ad jus ted ,  o r  a d d i t i o n a l  measurements may be made on contiguous 
areas  t o t a l i n g  100 cm2 and t h e  f ind ings  added f o r  comparison 
with the spec i f i ed  l e v e l s .  

6 /  Measured through not more than a t o t a l  of 7 milligrams per  square  - 
centimeter  of absorbing ma te r i a l .  





TABLE I 
Tritium i n  Buliaon Soi l  &isture--July 1972 

Grid Coordinate (1) 

N-0. E-2 
N-0, E-2 
N-1, 3-2 
N-1 ,  3-2 
N-2, 3-2 
N-2, E-2 
N-3, E-.7 
N-3, E-.7 
H-3, E-2 
H-3, E-2 
H-4, E-.7 
H-4, E--.? 
H-4, E-2 
H-4, E-2 
H-5, E-.7 
N-5, E- . 7  
N-5, E-2 
N-5, E-2 
N-6, E--7 
N-6, E-.? 
N-6, E-2 
N-6, E-2 
N-7, L . 7  
N-7, E-.7 
N-7, E-2 
8-7, 3-2 
N-8, 3-.7 
8-8, 3--7 
8-8, E-2 
N-8, E-2 
N-9, E--7 
8-9, E-.7 

sampling ~ e p t h  (in. )(2) pCi/g ( so i l )  (4) 

0.01 
ND 

0.007 
5.2 

ND 
2.9 

m 
1.1 

m 
tm 

0.4 
rn 
ND 
ND 

0.5 
0.95 

No 
m 
ND 
ND 

23 
0.8 

ND 
2.0 
0 .1  
1.8 

m 
ND 
ND 
ND 
ND 
rn 

( I )  Cardinal coordinates referenced t o  entrance gate poat-scale: 
1 unit equals 10 feet .  Radial coordinates a r e  i n  degrees and 
fee t  referenced to  f l a r e  stack.  

(2) Sampling depth increments are I", i . e . ,  1" i s  from 0 t o  I", 12" 
i s  from 11" t o  12" ,  e tc .  

( 3 )  Concentrations are rounded t o  two s ignif icant  f igures.  

(4) Idem. 

(5) Not detected. 



TABLE I 
Tritium in Rulison Soil Moisture--July 1972 
Page 2 

Grid Coordinate 

N-9, E-2 
U-9, E-2 
n-lo, E-.7 
M-10, E--7 
N-10, E-2 
- 1  E-2 
- 1 ,  B-2 
N-11, E-2 
N-11.2, E-.2 
N-11.2, E-.2 
N-11.4, E-0 
N-11.8;E-0 
N-11.8, E-0 
N-11.9, E-2.8 
N-11.9, E-2.8 
N-11.9, E-3.3 
N-11.9, E-3.3 
N-12, E- . 7  
N-12, E-.7 
N-12, E-2 
N-12, E-2 
N-12.5, E-0 
N-12.5, E-0 
N-12.7, E-0 
N-12.7, E-2.8 
N-12.7, E-2.8 
N-12.7, E-3.3 
N-12.7, E-3.3 
#-13, E-0 
N-13, E-0 
N-13, E-.7 
N-13, E-.7 
N-13, E-2 
N-13, E-2 
N-13, W-3 
N-13, W-3 
N-13.7, E-.l 
N-13.7, E-.l 
N-13.7, E-.l 
N-13.7, E-.6 
N-13.7, E-.6 
N-13.7, E-.6 
N-14, E-0 
N-14, E-0 
N-14, E-2 
N-14, E-2 
H-14.2, E-.7 

Sampling Depth (in.) 

1 
12 
1 
12 
1 
12 
1 .  
12 
1 
12 
6 
24 
60 
1 
12 
1 
12 
1 
12 
I 
12 
1 
12 
6 
1 
12 
1 
12 
12 
60 
1 
12 
1 
12 
1 
12 
1 
12 
24 
1 
12 
24 
1 
12 
1 
12 
1 

pCi/g (soil) 

5.8 
0.9 
0.68 

ND 
0.08 
24 
2.8 
0.9 
25 
6 .O 

1,300 
5 10 

4,400 
2.3 
6.9 
24 
22 
62 
320 
1 .o 

ND 
34 
15 
81 
10 

ND 
8.3 
4.7 
41 
24 
9 . 3  
49 
2.4 
0.6 
27 
6.2 

1,400 
5,600 
5.800 
150 

1,600 
1,400 
1,400 
1,800 

0.3 
0.7 

1,500 



TABLE I 
Tr i t ium i n  Rulison S o i l  Moisture--July 1972 
Page 3 

Grid Coordinate  

N-14.2, E-.7 
N-14.2, E-.7 
N-14.2, E-.7 
N-14.2, E-.7 
H-14.2, E--7 
N-14.2, E-. 7 
N-14.2, E-.7 
N-14.2, E-.7 
N-14.2, G . 7  
N-14.2, E-.7 
N-14, W-2 
N-14, W-2 
N-14, W-4 
N-14, W-4 
N-14.2, E-0 
N-15, E-1 
N-15, E-1 
N-15, E-2 
N-15, E-2 
N-15, W-3 
N-15, W-3 
N-16, E-1 
N-16, B-1 
N-16, E-2 
N-16, E-2 
N - 1 7 ,  E-1 
N - 1 7 ,  E-1 
N-16.7, 6-2 
N-16.7, E-2 
N-17.8, E-2 
N-17.8, E-2 
N-18, E-1 
N-18, E-l 
N-19, E-1 
N-19, E-1 
N-19, E-2 
N-19, E-2 
N-20, E-1 
N-20, E-1 
N-20, E-2 
N-20, E-2 
N-21, E-1 
N-21, E-1 
N-21, E-2 
N-21, E-2 

Ssmpling Depth ( in . )  pCi/g ( s o i l )  

6,500 
11,000 
19,000 

7,300 
14,000 

9,600 
4,500 
2,300 
1,400 

600 
49 

7.7 



TABLE I 
Tritium i n  R u l i s o n  S o i l  Mois ture--July  1972 
Page 4 

Grid Coord ina te  

N-22, E-1 
N-22, E-1 
N-22, E-2 
N-22, E-2 
N-23, E-1 
N-23, E-1 
N-23, E-2 
N-23, E-2 
N-24, E-1 
N-24, E-1 
N-24, E-2 
N-24, E-2 
N-24, V-2 
N-25, E-1 
N-25, E-1 
N-25, E-2 
N-25, E-2 
N-26, E-1 
%-26, E-1 
N-26, E-2 
N-26, E-2 
N-27, E-1 
N-27, E - l  
%-28, E-1 
N-28, E-1 

Sampling Depth (in.) 

1 
1 2  
1 

1 2  
1 

1 2  
1 

1 2  
1 

12 
1 

12 
72 
1 

1 2  
1 

1 2  
1 

1 2  
1 

1 2  
1 

1 2  
1 

1 2  

pCi/g ( s o i l )  

12 
4 3  

3.9 
12 

6.8 
140 

3.2 
1 .7  

26 
33 

220 
3.6 
2 .1  
7 .1  
7.3 
8.7 

11 
6 . 4  

19  
14 
17 
2 3  
24 

180 
86 



TABLE I 
Tritium in Rulison Soil Moisture--July 1972 
Page 5 

Grid Coordinate 

120°, 40' 
120°, 40' 
120°, 60' 
120', 60' 
120°, 60' 
120°, 60' 
150°, 20' 
150°, 20' 
150°, 40' 
150°, 40' 
210°, 20' 
210'. 20' 

Sampling Depth (in.) 

24 



TABLE I 
T r i t i u m  i n  Rul i son  S o i l  Moisture--July 1972 
Page 6 

Gr ld  Coord ina te  

S-1, E-3 
S-1, E-3 
S-2, W-.7 
S-2, W- - 7  
5-3, E-0 
5-3, E 4  
5-3, E-2 
S-3, E-2 
S-3.8, E-1.4 
S-3.8, E-1.4 
S-5, B 4  
S-5, E-0 
S-5, E-2 
S-5, 3-2 
S-5, E-4 
5-5, E-4 
S-5.7, W-2 
5 5 . 7 ,  W-2 
5-7,  E-0 
5-7, E-0 
5-7, E-2 
S-7, E-2 
S-7, E-4 
S-7, E-4 
S-7, 8-6 
S-7, 3-6 
S-7, E-8 
S-7, 3-8 
5-7, E-10 
S-7, E-I0 
5-7, E-12 
S-7, E-12 
S-7.5, W-2.7 
S-7.5, W-2.7 
5-8, W-1.5 
5-8, W-1.5 
S-9, E-0 
S-9, E-0 
S-9, E-2 
S-9, E-2 
S-9, E-4 
S-9, E-4 
S-9, E-6 
S-9, E-6 
S-9, E-8 
S-9, E-8 

Sampling Depth (in .) 

1 
12 
1 

12 
1 

12 
1 

12 
1 

12 
1 
12 
1 

12 
1 

12 
1 

12 
1 

12 
1 

12 
1 
12 
1 

1 2  
1 

1 2  
1 

1 2  
1 

1 2  
1 

12 
1 

1 2  
1 

1 2  
1 

1 2  
1 

1 2  
1 

12 
1 

12 

pCi /g  ( s o i l )  



TABLE I 
Tritium in  Rulison Soil Hoistu~e--July 1972 
Page 7 

Grid Coordinate 

S-9, E-10 
S-9, E-10 
S-9, E-12 
S-9, E-12 
S-9.4, W-3.4 
5-9.4, W-3.4 
s-10, W-1.5 
S-10, W-1.5 
5-10.3, E-10.1 
5-10.3, E-10.1 
S-10.3, -E-10.1 
S-10.3, 8-10.1 
S-11, E-0 
S-11, E-0 
S-11, E-2 
S-11, E-2 
S-11, E-4 
S-11, E-4 
1 E-6 
S-11, E-6 
S-11, E-8 
S-11, E-8 
S-11, E-10 
S-11, E-10 
S-11, E-12 
S-11, E-12 
S-11, E-14 
S-11, E-14 
5-11.2, W-4 
5-11.2, W-4 
5-11.7, E-3.1 
5-11.7, E-3.1 
5-11.7, E-8.7 
5-11.7, E-8.7 
S-11.7, E-8.7 
5-11.7, E-8.7 
5-12, E-1 
S-12, E-1 
5-12, E-5 
S-12, E-5 
S-12, W-1.5 
5-12, W-1.5 
5-12.4, E-3.8 
5-12.4, E-3.8 
5-12.8, E-1.9 
5-12.8, E-1.9 

Sampling Depth (in .) pCi/g {soil) 

4.5 
ND 

2.1 
ND 

32 
25 

ND 
W 
m 
tm 
m 
m 

11 
MI 
m 
m 

0.98 
ND 
NO 
ND 
ND 
ND 
ND 
ND 
m 
ND 
ND 
HD 

21 
m 
ND 
m 
ND 
ND 
ND 
ND 
ND 
ND 

0.2 
NrJ 

0.2 
ND 
ND 
ND 
ND 
ND 



TABLE I 
Tritium in Rulison Soil Moisture--July 1972 
Page 8 

Grid Coordinate 

5-12.8, E-1.9 
5-12.8, E-1.9 
5-13, E-O 
5-13, E-0 
5-13, E-6 
5-13, E-6 
5-13, E-8 
5-13, 2-8 
S-13, E-10 
S-13, E-10 
5-13, E-12 
S-13, E-12 
5-13, E-14 
5-13, E-14 
5-13.1, E-7.3 
5-13.1, E-7.3 
5-13.1, E-7.3 
5-13.1, E-7.3 
5-13.1, W-4.8 
S-13.1, W-4.8 
5-13.2, 3-4.5 
S-13.2, E-4.5 
S-13.5, 8-2.8 
S-13.5, E-2.8 
5-13.9, E-5.2 
5-13.9, 8-5.2 
5-14, E-.8 
5-14, E-.8 
5-14, N-3.4 
5-14, W-3.4 
5-14.2, E-3.4 
5-14.2, E-3.4 
5-14.2, E-3.4 
5-14.2, E-3.4 
5-14.6, E-5.9 
5-14.6, E-5.9 
S-14.6, E-5.9 
S-14.6, E-5.9 
S-14.7, E-1.6 
S-14.7, E-1.6 
S-15, E-12 
5-15, 2-12 
5-15, E-14 
S-15, E-14 
5-15, U-1.8 
S-15, W-1.8 

Sampling Depth (in .) pCi/g (soil) 



TABLE I 
Tritium in Kulison Soil Moisture-July 1972 
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Grid Coordinate 

5-15.4, E-2.2 
5-15.4, E-2.2 
5-15.4, E-5 
S-15.4, E-5 
S-15.4, E-5 
5-15.4, E-5 
5-15.4, E-6.6 
S-15.4, E-6.6 
5-15.4, E-8 
S-15.4, E-8 
5-16, E-0 
5-16, E-0 
S-16.1, E-3 
S-16.1, E-3 
5-16.2, E-4 
S-16.2, E-4 
5-16.2, E-4 
S-16.2, E-4 
S-16.6, E-6.6 
5-16.6, 8-6.6 
5-16.6, E-6.6 
5-16.6, E-6.6 
S-16.6, E-8 
5-16.6, E-8 
5-17, E-10 
5-17, E-10 
S-17, E-12 
S-17, E-12 
5-17, E-14 
5-17, E-14 
S-17.1, e-1.8 
5-17.1, E-1.8 
5-18, E-6.5 
5-18, E-6.5 
S-18.2, E-3.5 
S-18.2, E-3.5 
S-19, E-8 
S-19, E-8 
S-19, E-9 
5-14, E-9 
S-19, E-9 
S-19, E-9 
S-19, E-10 
S-19, E-10 
S-19, E-12 
S-19, E-12 

Sampling Depth (in.) pCi/g (soil) 

ND 
ND 

0.4 
ND 
m 
ND 

7.6 
ND 
ND 

2.1 
ND 
NO 

16 
ND 

1.3 
m 
ND 
ND 

0.2 
0.5 
0.9 

ND 
0.24 
0.3 

ND 
ND 
ND 

2.4 
54 

ND 
1.2 

EID 
0.1 
1.3 
5 6 

ND 
0.67 

ND 
ND 
m 
ND 
m 
Nn 

4.9 
ND 

0.28 
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Grid Coordinate 

5-19, E-14 
5-19, E-14 
5-19.3, E-5.1 
5-19.3, E-5.1 
5-20, E-12 
5-20, E-12 
5-20.4, E-6.8 
S-20.4, E-6.8 
S-21, E-14 
S-21, E-14 
S-21.5, E-8.5 
S-21.5, E-8.5 
S-22.5, E-10.2 
S-22.5, E-10.2 
5-23.2, E-17 
S-23.2, E-17 
5-23.5, E-12 
5-23.5, E-12 
S-23.8, E-15.3 
5-23.8, E-15.3 
5-24.6, 8-13.7 
S-24.6, E-13.7 
5-24.6, E-17 
S-24.6, E-17 
S-25.4, E-15 4 
S-25.4, E-15.4 

Sampling Depth (in.) pCi/g (soil) 

ND 
ND 

1.4 
2.3 
0.56 
0.39 

tlD 
m 

0.43 
ND 

2.2 
ND 

0.52 
ND 

4.1 
NO 

0.54 
0.71 
1.2 

ND 
20,000 

140 
0.39 
3.2 
22 
235 



TABLE 2 

T r i t f u m  in Rulison Soi l  Moisture 
Postproduction Tes t--April 23, 1971 

Grid Coordinate Sampling Depth ( in  .) (4) pCi/ml ( 2 )  ~ c i l g  

OOoo, 20' 
OOoo, 20' 
OOoo, 20' 
oooo, 20' 
00O0, 20' 
OOoo, 20' 
00O0, 20' 
OOoO, 20' 
OOoo, 20' 
000°, 40' 
OOOo, 40' 
0OOo, 40' 
OOO", 40' 
OOO', 40' 
000°, 40' 
OOO0, 40' 
oOoo, 80' 
OOO', 80' 
oooo, 80' 
OOOo, 80' 
oooo, 80' 
OOOo, 80' 
OOO', 80' 
0OO0, 120' 
oooo, 120' 
00O0, 120' 
oooo, 120' 
Oooo, 120' 
O0O0, 120' 
oooo, 120' 
oooo, 200' 
OOOo, 500' 
OOOo, 500' 
o0oo, 1000' 

(1) Radial coordinates are in  degrees and feet  referenced to  f lare  stack. 

(2) Concentrations are rounded to two significant figures. 

(3)  Idem. 

( 4 )  Sampling depth increments, when not otherwise indicated, are I",  i . e . ,  
1" i s  from 0 to l", 6" i s  from 5" to  6", etc .  
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Tritium in Rulison Soil Moisture 
Postproduction Test--April 23, 1971 
Page 2 

Grid Coordinate 

oOoo, 1000' 
030°, 20' 
030°, 40' 
030°, 200' 
030°, 80' 
030°, 120' 
060°, 20' 
060° ,  40' 
060°, 80' 
06O0, 120' 
0 6 O 0 ,  200' 
090a,  20' 
090°, 40' 
090°, 80' 
090°, 120' 
090°, 200' 
090°, 500' 
090°, 500' 
090°, 1000' 
090°, 1000' 
120°, 20' 
120°, 40' 
120°, 80' 
120°, 120' 
f20°, 200' 
150°, 20' 
150°, 40' 
150°, 80' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 120' 
150°, 200' 
180°, 5' 
180". 5' 

Sampling Depth (in.) 

6 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

pCilg (soil) 

2.7 
130 

34 
18 
23 
4 2  
210 
80 
20 
120 
24 
76 
44 
36 
82 
16 

630 
14 
3.2 
3 . 3  

970 
550 
370 
56 
55 
29 
16 0 
54 
65 
53 
62 
87 
110 
84 
25 
16 
15 
19 
22 
19 
14 
13 
34 

1,600 
700 



TABLE 2 
Tritim in Bulison Soil Moisture 
Postproduction Test--April 23. 1971 
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Grid Coordinate 

180°, 20' 
180°, 40 ' 
180°, 80' 
180D, 120' 
1 m 0 ,  200' 
1ao0, 500' 
180°, 500' 
laoo, 10.000' 
laoo, 1000' 
210°, 20' 
210°, 40' 
210°, 80' 
210°, 120' 
210°, 200' 
240°, 14' 
240°, 20' 
240°, 40' 
240°, 80' 
240°, 120' 
240°, 200' 
270°, 20' 
270°, 40' 
270a, 80' 
270°, l?Ot 
270'. 200' 
270°, 500' 
270a, 500' 
270°, 1000' 
270°, 1000' 
300°, 20' 
300°, 40' 
300°, 80' 
300°, 120' 
300°, 200' 
330°, 20' 
330°, 20' 
330a, 20' 
330°, 20' 
330°, 20' 
330°, 20' 
330°, 20' 
330°, 20' 
330°, 20' 
330°, 20' 

Sampling Depth (in.) 

1 
1 
1 
1 
1 
1 
6 
1 
6 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
6 
1 
6 
1 
1 

pCi/g (soil) 

620 
33 
85 
300 
8.7 

650 
1.1 

14 
1.2 

130 
50 
33 
23 
10 
730 
180 
62 



TABLE 2 
Tritium fn Rulison S o i l  Moisture 
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Grid Coordinate Sampling Depth ( i n . )  pCilg ( s o i l )  



TABLE 3 

Tri t ium i n  Vegetation--July 1972 

Sampling Poin t  Dry/Wet Unbound (1) Bound (2) Total 
(referenced t o  Racio p ~ i / m l  ( ~ ~ 0 )  p ~ i / g  ( w e t )  p C i / d  (H20) pCI/g (we'd ~ C i l g  (wet) 
f l a r e  s t a c k )  (water f r o m  

oxida t ion)  

*West of tank 3, referenced t o  en t rance  ga te  pos t .  

(1) Unbound i s  tritium i n  water  t h a t  was removable by drying the  sample i n  an e l e c t r i c  oven f o r  16 hours.  

(2) Bound is t r i t i u m  converted t o  water  form by oxid iz ing  t h e  d r i e d  sample. 



COLLBCTIQi OF m m m T A B Y  
PHOTOGMP~ OF RULIS[]N SITE 



C l RCLEO F l GURES SHOW LOCATl ON AND BEAR l NG OF PHOTOGRAPH. 



a LOOKINE D O W N  AND WEST FROM THE R-EX 

DRILL PAD AT THE R-E SHACK AND PROTECTIVE 

FENCE 

@ CLOSE-UP OF R-E SHACK,  PROTECTIVE FENCE 

A N 0  LOCKED GATE. (LOOKING SOUTHEAST)  



@ LOOKING SOUTHEAST AT LOCKED GATE AND 

WARNING SIGN A T  R-EX DRILL PAD.  

@ LOOKIN. SOUTHEAST AT R-EX CHRISTMAS TREE 

AND REMAINING FACILITIES. 



@ CLOSE-UP OF R-EX CHRISTMAS TREE AND 

SURROUNDING DRIP PANS. (LOOKING EAST) 

@ VIEW OF SEPARATOR AND CONNECTING GAS 

LINE (LOOKING SOUTH) 



@ LOOKING NORTHEAST AT PERIMETER FENCE AND 

WARNING SIGN (HYDROCARBON SEPARATOR IN 

BACKGROUND) 

@ LOOKING SOUTHEAST AT AT PERIMETER FENCE 

(THE THREE EFFLUENT TANKS IN BACKGROUND) 



a CLOSE UP OF EFFLUENT HOLDING TANK 
w 

SHOWING LOCKED CAP ON DRAW LINE. 

VALVE 

@ EFFLUENT HOLDING TANKS FROM THE NORTHEAST 

(R-EX DRILLING PAD IN RIGHT BACKGROUND) 



@ SITE OF THE FLARE STACK REMOVED DURING 

CLEAN-UP (LOOKING NORTHEAST)  

@ OLD DRILLING P IT ,  PROTECTIVE FENCE AND LOCKED 

GATE. (LOOKING WEST)  



DRILLING PIT SPILLWAY LOOKING NORTHWEST 

(NOTE RECOCONlZATlON BY NATIVE PLANTS) 

@ BERM AT WESTERN E N 0  OF THE DRILLING PIT 

INSIDE F E N C E  (LOOKING SOUTH) 
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